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Electrolytic etching. of high quality GaN films grown by metalorganic chemical 
vapor deposition (MOCVD) on a sapphire substrate using a sodium hydroxide 
(NaOH) electrolyte is reported on. Factors such as the concentration of dissolved 
oxygen in the NaOH electrolyte affecting the GaN surface are discussed. It is 
found that the reduction of the concentration of dissolved oxygen in the NaOH 
electrolyte accelerates the rate of electrolytic etching of GaN films. The effect of 
decreasing the concentration of dissolved oxygen in the electrolyte is to reduce the 
amount of gallium hydroxide formed on the GaN surface. It seems that the 
concentration of dissolved oxygen in the NaOH electrolyte plays an important role in 
the electrolytic etching of n-GaN films. 
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1 Introduction 
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Gallium nitride (GaN) is one of the most promISIng materials for 
optoelectronic device applications in the blue, viole't, and ultraviolet light 
region, especially devices such as light emitting diodes (LEDs)1) and laser 
diodes (LDs), because it has a direct band gap of 3.39 eV.2.S) As is usually the 
case, the development of this material has outpaced the necessary research on 
processing in device fabrication. Etching is one of the critical processes in 
device fabrication. Since GaN films are chemically stable, there is no chemical 
etchant wh~ch can be used to etch them. To date, dry etching techniques such 
as electron cyclotron resonance (ECR) etching7.8) and reactive ion etching 
(RIE)9-11) have been employed in the device fabrication process. However, these 
techniques are known to result in ion-induced damage on the etched surface. 
Thus, it is desirable to develop a damage-free etching technique for GaN device 
fabrication. 
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To prevent surface damage of GaN films, wet etching processes based on 
chemical reactions seem to be the most suitable, because the chemical reaction 
is a low-energy process. and limited to the vicinity of the semiconductor 
surface .12) The wet etching method consists of chemical etching and electrolytic 
etching. To date, several authors 13.14) have reported on the chemical etching of 
GaN films with a sodium hydroxide (NaOH) electrolyte at room temperature. 
However, their films could not be used for device fabrication due to their poor 
quality. Hence, it is necessary when wet etching of GaN films, to etch high 
quality films which are not dissolved during chemical etching using a N aOH 
electrolyte. However, there have been no reports except for one by Pankove 15) 
on the electrolytic etching of GaN films which involves etching by anodizing the 
crystal. Pankove was unable to etch GaN films using a NaOH electrolyte due to 
the formation of a gallium hydroxide layer on the film surfaces. In order to 
remove the gallium hydroxide layer, he used a jet electrolytic etching 
technique. It is important in the use of electrolytic etching techniques using a 
NaOH electrolyte that the formation of a gallium hydroxide layer on the GaN 
film surface be prevented. 
In this study, .it is found that a reduction in the dissolved oxygen (DO) 
concentration in the NaOH electrolyte accelerates the rate of anodic etching of 
high quality GaN films. The effect of decreasing the DO concentration in the 
NaOH electrolyte is to reduce the extent of the formation of a gallium 
hydroxide layer on the GaN film surface. 
2 Experimental 
GaN epitaxial layers are grown on (0001) sapphire substrate at 1000°C for 3 
h with a GaN buffer layer using a metalorganic chemical vapor deposition 
(MOCVD) technique. Triethylgallium(TEG) and ammonia(NH3) are used as the 
Ga and N sources, respectively. The GaN buffer layer is grown at 550°C. The 
thickness of the GaN epitaxial layers is about 4 /.1 m and the crystalline quality 
of these layers on (0001) sapphire substrate has been evaluated using the full 
width at half maximum (FWHM) of the X - ray rocking curve. The FWHM is 660 
arcsec. The carrier concentration of the layer, determined by room temperature 
Hall measurements, is 4 x 1018 cm·3 in n-type. We have etched n-GaN 
electrolytically in 0.5 molll NaOH by anodizing the crystal to which an indium 
contact is attached by soldering. The electrical contact is shielded, from the 
electrolyte by a coating of apiezon wax. GaN electrode is used as anode. Pt 
electrode is used as cathode. Using a dc voltage supply, a constant current is 
supplied between these electrode through NaOH electrolyte. A reduction in the 
DO concentration in de-ionized water is achieved by bubbling the water with 
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pure Nz gas. All etching experiments are carried out at room temperature in 
the dark. The electrolyte is not stirred magnetically. 
3 Results and Discussion 
In order to understand the relationship between GaN film quality and wet 
etching, we carry out chemical etching of the three samples as shown in Fig.I. 
Treatment time is 100h using the NaOH electrolyte. For comparison, three 
types of GaN film are used. One is a GaN film grown on (0001) sapphire 
substrate with the GaN buffer layer using N2 gas as a carrier gas; the FWHM is 
660 arcsec. The others are 
GaN films grown on (0001) 
sapphire substrate without 
the GaN buffer layer using N 2 
gas and Hz gas as carrier 
gases; the FWHMs are 1600 
arcsec and 3420 arcsec, 
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etching of the high quality Fig.!. The effect of GaN film quality on the chemical 
films is observed under these etching rate for the films. Treatment time is 100 h using 
conditions. It is shown that the NaOH electrolyte. 
although low quality GaN 
films are easily etched, high quality GaN films are not etched in the N aOH 
electrolyte . These observations are very similar to those reported by Pankove 15) 
and Chu. 14 ) In this study we use high quality GaN films. 
To investigate the influence of the DO concentration in the N aOH 
electrolyte on the GaN surface, GaN films are immersed ·in the NaOH 
elec trolyte containing various DO concentrations. Figure 2 shows scanning 
Fig. 2. SEM images of the surface morphology of GaN films after the films are immersed in the 
NaOH electrolyte with various DO concentrations for 30 min. 
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electron microscopy (SEM) images of a GaN film which is immersed in the 
NaOH electrolyte for 30 min. The DO concentrations in the NaOH electrolyte 
in which the films shown in 
Figs. 2(a) and 2(b) are 
immersed 0.2 and 8.8 ppm, 
respectively. The results of 
SEM observation confirm 
that we can reduce the 
degree to which reaction 
products are formed on the 
GaN surface by reducing 
the DO concentration in 
the NaOH electrolyte. We 
examine the GaN surface 
Treatment Ols/Ga3d Ols/Nls 
as-grown 0.79 1.06 
O.2ppm 2.38 2.50 
8.8 ppm 3.85 5.06 
Table 1. Ols/Ga3d intensity ratio and Ols/Nls 
intensity ratio measured by XPS. 
using X-ray photoelectron spectroscopy (XPS) to determine whether the 
variations of the GaN surface with chemical treatment are correlated to the DO 
concentration in the NaOH electrolyte. As shown in Table 1 the intensity ratio 
of Ols/Ga3d decreases from 3.85 to 2.38 and that of Ols/Nls decreases from 
5.06 to 2.50 following the reduction in the DO concentration in the NaOH 
electrolyte. These decreases in the intensity ratios Ols/Ga3d and Ols/Nls 
indicate that the amount of gallium oxide formed on the GaN surface is 
decreased following the reduction in the DO concentration in the N aOH 
electrolyte. Therefore, it is found that the reaction product on the GaN surface 
is gallium oxide when the NaOH electrolyte has a DO concentration of 8.8 ppm. 
It seems that the gallium oxide is derived from the gallium hydroxide which 
forms on the GaN film surface when the film is immersed in the electrolyte. 
These experimental results show that the effect of decreasing the DO 
concentration in the NaOH electrolyte is to reduce the extent of formation of 
gallium hydroxide on the surface of GaN films immersed in the N aOH 
electrolyte. It is found that gallium hydroxide is formed on the GaN film 
surface at the DO concentration of 8.8 ppm but that the extent of formation of 
gallium hydroxide on the film surface is reduced by reducing the DO 
concentration in the NaOH electrolyte in which the GaN films are immersed. 
In order to understand the chemical reactions between the GaN surface and 
dissolved oxygen in the NaOH electrolyte, let us consider the corrosion of the 
GaN surface by the dissolved oxygen. It is found that a gallium hydroxide layer 
is not uniformly formed on the GaN surface(Fig2(b». This means that dissolved 
oxygen is not uniformly present on the GaN surface of the film immersed in the 
NaOH electrolyte containing the high DO concentration. The GaN film surface 
is an uneven surface on which trigonal pyramids are present irregularly. Upon 
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immersion of the film in the NaOH electrolyte containing a DO concentration of 
8.8 ppm, the upper parts of the trigonal pyramids are in contact with a higher 
oxygen concentration than the lower parts. According to Bockris and Reddy, 1<;) 
if one part of the GaN surface has greater access to oxygen than the other parts, 
i.e., is in contact with a high oxygen concentration, then oxygen reduction 
tends to occur at the oxygen-rich area and anodic dissolution tends to occur at 
the oxygen-poor area. Thus, dissolved oxygen is reduced in the N aOH 
electrolyte via four electron reactions that produce OH - ions 17) at the upper 
part of the trigonal pyramids. 
02 + 2H20 + 4e- ~ 40H-
When anodic dissolution occurs, Ga surface atoms go into solution as trivalent 
ions lS) at the lower part of trigonal pyramids. 
Ga ~ Ga:3+ + 3e-
Therefore, the reaction of Ga ions with OR ions results in gallium hydroxide. 
Ga3+ + 30H- -. Ga(OH)3 
As mentioned above, gallium hydroxide is formed by the corrosion reaction on 
the GaN film surface when the film is immersed in the NaOH electrolyte 
c<;>ntaining a high DO concentration. 
The time dependence of anodic current density in the N aOH electrolyte 
containing various DO concentrations is illustrated in Fig.3. For the NaOH 
electrolyte containing a DO concentration of 8.8 ppm, the anodic current 
density is drastically decreased after anodic etching for 5 min. However, for a 
DO concentration of 0.2 ppm, the anodic current density is not decreased. 
Figure 4 shows SEM image of GaN films etched for 5 min at 6 mA/cm 2 in the 
N aOH electrolyte with 
a DO concentration of 
8.8 ppm. From this 
SEM image, corrosion 
products like gallium 
hydroxide are probably 
left on the surface, 
resulting In anodic 
current density 
decreasing. It became 
clear to us that 
corrosion products are 
not dissolved quickly in 
the NaOH electrolyte 
containing a DO 
8r---~--~,----~--~,---~--~ 
0.2 ppm 
...- \ s 
1 4- -
-t--, 
f-
-
0- 0 B.B ppm I I -
0 10 20 30 
Time (min) 
Fig. 3. The time dependence of the anodic current 
density of GaN in the NaOH electrolyte with various DO 
concentrations. 
concentration of 8.8 ppm. To investigate the effect of the formation of galliu:m 
2lO 
hydroxide on the GaN 
film surface when the 
film is immersed in the 
NaOH electrolyte upon 
the time dependence of 
the anodic current 
density, we estimate 
tha t after GaN films are 
immersed in the NaOH 
electrolyte containing a 
Fig. 4. SEM image of GaN films etched for 5 min at 6 
mNcm:2 in the NaOH electrolyte with a DO concentration 
of 8.8 ppm. 
DO concentration of 8.8 ppm for 30 min, the time dependence of the anodic 
current density has been carried out in the NaOH electrolyte containing a DO 
concentration of 0.2 ppm. This result is very similar to the time dependence of 
the anodic current density observed for GaN films immersed in the NaOH 
electrolyte with a DO concentration of 8.8 ppm. It is found that the condition of 
GaN surface immersed in the NaOH electrolyte dominates the time dependence 
of the anodic current density. 
According to Faraday's law of electrolysis, the etching rate should be 
related to the anodic current density. Figure 5 shows SEM images of GaN films 
for 2h at 6 mA/cm 2 in the NaOH electrolyte with a DO concentration of 0.2 ppm. 
It is found that the GaN film is etched following the reduction in the DO 
concentration in the NaOH electrolyte from 8.8 ppm to 0.2 ppm. On the other 
hand, no etching of GaN films is observed in the NaOH electrolyte with a DO 
concentration of 8.8 ppm 
under the same conditions, 
and it is observed that 
there is a white layer of 
gallium oxide on the GaN 
films which seems to block 
etching. This 
experimental result 
supports the result 
reported by Pankove. I5) It 
seems that reducing the 
DO concentration in the 
N aOH electrolyte plays an 
important role In the 
anodic etching of n-GaN films. 
Fig. 5. SEM image of the sidewall of GaN films after 
anodic etching. 
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4 Conclusions 
The influence of the dissolved oxygen concentration in the NaOH electrolyte 
on the etching of the n-GaN surface is investigated. It is found that the 
reduction of the dissolved oxygen concentration in the NaOH electrolyte 
accelerates the rate of anodic etching of GaN films. The effect of decreasing the 
dissolved oxygen concentration in the NaOH electrolyte is to reduce the extent 
of formation of gallium hydroxide on the GaN surface. For GaN films, the 
concentration of dissolved oxygen in the NaOH electrolyte plays an important 
role in anodic etching. 
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